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0 Loading and controlled releaae of amphlphatlc moleculea to and from Itpoaomea. 

© The present trrvention relates to an improved transmembrane loeding procedure for efficient loading of 
amphtphatic drugs into fiposomes using the tranamembrane gradient of ammonium and of pH. The resulting 
liposomes loaded with the dn>g are stable and safe. The procedure ia equafty appftcable for sustained release of 
Uposome-ancapaulated drugs. The Sposomes nwy be uaed in ultraaound imaging to release CO3. 
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tOAOINO AND COMTHOUED RELEASE OF AMPHIPHATIC M0UCULE8 TO AND mOM UPOSOMES 

>nd ^ ' «^»'™™b«ne loading procadura for loadino of amphiphatic drugs 

!SLSr^."^^"""" """^ transmambrane gradient The procedure ia equally appUcaOle for 
sustained release of iposoma encapsulated dniga. t o ror 

, .n^!^!^jj!T^"^ * nonphospholipid Bposomea are rapidly becoming Kxepted as phar- 

SCN^^l^oJicS^ ~ 36:277-338 (1984,. Up^onHS Js^C^rf^s, GregoriSdiTTS.-ld:; 

,fl dn^'ff^"' Pwmeral. peroral, topical and inhalation administration of 

^21 """^^ fbrmulabiPty. provide proiong«l rrtease. improve Ifw ttwrapeutic Sbo 

^IT^^^^T^'^'^ ^ '^'^ and r^fuc. the ne«J for f,equem^ni«ration; 
reduce the amount of dnig needed and/or abaorbed by tha mucosal or other tiaaue 
u^I^iHL". *^ fipoaomas has provwl to be a measure of their utility, if there is a poor 
toadmg.there9agre«lossoftheaetfvedn^«vJtheuaeoflpoaome^ 

to vaiTOos methods of losing of dngs and bioiogicai mtteriala into Bpoaomes. Phannacol. Rev.. 38: 277- 

338 (1984). Uposomes as Orjg Carriers . Gregoriadia. 0. ad. Wiley. New Yorlc. (igS)! 

So far. several methods have bean developed tor Bpoaome dnjg lOKling. The aimpiest method of drug 

K J»»to«anfl«ffie«ncy Of this method is generally low becauae it dependa on the entrapping 

Bpoaomes and on tha amount of Bpids used to prapare them. Chem. Phys. Upids. 40^33.345 (1968) and 
in Biochemical Analysis. 33:337 (1988). Oisadvanta gea oi i hia met^ a re the low entrapment 

heterogeneous siie and the need for secondary processing steps such aa extniaion or sonication. Improved 
paasi ve entrap ment of a drug into Rpoaomea haa bean achieved by uaing dehydratlon-rehydration method 
Spoiomea are added to an aqueous solution of the drug and the mixture ia dehydrated 
arther by lyophilteation. evaporation, or by freeza-thaw pnxeaaing method imrolving repeated freezing and 
rawing of muWlameaar vesiclas which improves the hydration and hence increasaa a loading. Disadvan- 
tages of these methods are heterogeneoua size, difficult standardization and low reproducibility. 

Mgher ^ency of dnig entrapment into Iposomes may be achieved by uaing high ipid concentration 
» or by specific combination of lipid components. For exantple. an amphiphatic amine doxorubicin may be 

4739 (1982). However, in general the dnjg loading remaina a problematie issue. 

The efficiency of drug loading into Hpoaomes dapenda also on chemical properties of the drug m 
general, water soluble « Ipid aoluble dnjga ara easier to deal with since the Bpid soluble compoun<^ 

Bw^osomes. Amph^hatic compounds, on «ie ether hand, are the most d»neull to retain maide the 
apoaomea as they can rapidly permeate through «id do not bind to Ipid bOayers. 

- uJ^J^a^ /TSST'-'^Jf^^*"'^'***' ■«»««^. Chem. Phys. 

mJ^^J!?**' * *^ to the ion pH gredem by an *ccumi353r oTK 

•mphiphatic dnjg rto lpeaon»es when their mtomal pH la lower than the external metfum PR 
:U;omXiO PCT'WS 87/01401. Wad June 18. 1888 describes asymmetrical ipoaome vesicles containM^ 

Ipids or lenizsble proteins made in an aqueous environment of conftoOed pH. then expoaed to a battiino 
medumofaretalivelymoreaeideorrelatiyelymerebaaiepK ^ 

« Uadbig ofamphiphatic dnjgs^imo the Iposomes. described in the J. BM. Chem.. 280«)2-808 (1985) 
utilzes Bte nnsmembrane Na /K gratSenis. Improved loading of locallr;ro»«r3bueaine waa observed 
only when bom aodlum and potassium ions wars uaed and up to about 52% loadbtg was acftfeved when the 
aodium/jpotassium graiSent waa MOlcsmbin^tton .wilh.y^^ Vamomydn la known inaecticide 
nematocide and bacMridde as wen as Jsngfihea and ia tf(^' nM desirable additive to phamiaceuticai 

90 formulations. The method of passive entrapment of the antbieoplastic drugs into the Ipoaomal veaides 
descnbed in Biochim. Biophys. 816:294-302 (1885) uses the uptake of the dnigs into the vesicles in' 
rasponse to a valmomydn-depefldent K tffhjaion potontaL 

o JH^. * "^"^ •mphiphatic dn<g adriamycin into iposomal vesides. described in 

^djm BjopM: 857:123-128 (1888). is an uptake of the dnjg into t^ 

PM gradient ^rSs method wouM seem to be a reasonably aftk:ient for toeiSng Ifnotforthefactthatitis 
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perfonned in unphymlogically actdJc pH and in the presanca of th« strong b«sa KOH, both of which causa 
the nptd hydrolysis. Also, the obtained liposome-drug vesicles are unstabte and around 24 hours suffer from 
a substantial leakage of the daig. 

PCTAjS8S/0i50l filed on August 7. 1885. describes encapsulation of antineoplastic agents into 
- s liposomes by passive loading, via transmembrane potential, of lipophilic tonizable antineoplastic drugs 
which can exist in a charged state when dissolved in an aqueous medium. The proton gradient is 
established by first trapping (passively) a tow pH buffer and then raising the external pH by adding the 
base. The transmembrane potential is achieved by sodium/potassium chemical gradient in the presence of 
valinom ydn. The loading is temperature dependent and the best results are achieved at the temperature of 
70 SS^, 

A high encapsulation of method for loading water soluble drugs in Qposmes has recentiy been 
described in U.S. Patent 4.752.425. However, the disadvantage of this method is that it is based on passive 
entrapment at high lipid concentration. 

Key disadvarttages of all these methods are a prolonged exposure of the liposomal lipids to a low pH 
ts environment leading to lipid hydrolysis which causes the drug leakage from liposomes, high lipid concentra- 
tioa the long period of time and elevated temperatures required for loading, and stability problems. 

The current invention provides simple, fast stable, economical, safe, and efficient system for liposome 
drug loading and controlled sustained time release by creating of an amnrtontum (NH« *) gradient between 
two sides of a liposome veside membrane. The system is not method dependent i.e. all methods of 
20 liposome preparation and all types of liposomes may t)e used in practicing this invention. The system is 
also useful for ultrasound imaging by using ammonium gradient in liposomes as a source of hyper* 
echogenic CO3 which enhances ultrasound imaging. 

One aspect of this invention Is a simple, safe, fast stable, efficient and economical ammonium 
transmembrane gradient system for loading of amphtphatic doigs into liposomes and for their controlled 
75 sustained time-release. 

Other aspect of this invention is the system wherein the loading of the amphiphatic drug into liposomes 
is dependent on NKU* ar>d pH gradients between the interrtal and external aqueous phases of the liposome 
vesicles, which gradients are created by fdrmir>g iposo me s in ammonium solution, by subsequent 
ammontiim removal from or dilution in the external aqueous phase of the Bposomes which creates an 
so outflow of neutral ammonia, according to created ammonium gradient from internal to external aqueous 
phase, thus creatinQ reverse, from outskle to inside. pH gradient by accumulation of protons left behind by 
smnoonia in the internal aqueous phase. An Influx of deprotonated amphiphatic drug to Sposomes according 
to pH gradient is replacing departed ammonium. 

StiQ another aspect of this invention is* the utifization of ammonium gr cdi^ t in Rposomes to generate 
38 CO3 for ultrasound imaging. 



OETAIL£D DESCRIPTION OF THE INVENTION 

40 

Brief D escr i p tion of Drawings 

Figure 1 describes an entrapment of the drug in ammonium sulfate containing Bposomes. 
48 Figure 2 illustrates the effect of distribution of ammonium sulfate between the internal and external 

aqueous phases of the Bposomes on the pH gradient 

Figure 3 illustrates the kinetfcs of the drug loatfng into smmonium sulfate Bposomes. 
Figure 4 iOustrates the release of the ^ug from the ammonium sulfate B p o so m es . 
Figure 5 illustrates s generation of COa gas us^ ammonium yadlem in Bp o so m es . 

so 

Detailed Description of the Preparatkyis 

The novel system (or loading of amphtphatic drugs tfrto Bposomes and the subsequent controlled 
release of the drug from the Bposomes is based on the formation of ammonium (NH4*) gradient between 
34 the internal and external aqueous phase of Bp o so mes. The ammonium gradient ia formed by removing 
ammonium from or by diluting ammonium in external aqueous pftase according to desired rate of loading or 
release of amphiphatic molecules. Such removal causes a higher concentration of anunonium in internal 
phase than in external phase. Higher concentration of ammonium In the aqueous phase inside the 
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nposomaa causes diffusion of neutral ammonia molecufes NHj from the intemai to the extemai medium. For 
molecule which leaves the liposome, one proton is left behind. Thus, a pH gradiant is fomied, in 
which the intamaJ aqueous phase of the Dposomes is more acidic than the extemai medium. The magnitude 
of this gradient is detemitned by the ratio (NH4 ')out^(NH4 *) in. 

The weak amphiphatic compound ought to be able to permeate normally rx>npermeable membrane if 
the system can be created having a higher, more alkaHne pH outside than iriside of the Dposomes. Such 
system will naturally try to equilibrate, i.e. to achieve the same pH inside as outside. Whether or not such 
pH equilibration is possible or how fast it will happen, depends on the chemical properties of the membrane 
separating liposomes intemai aqueous phase from extemai aqueous phase and on the medium composi- 
tion. Liposomes, by virtue of their Dpid bilayers. present an optimal membrane barrier naturally resisting 
such equiHbration. In by themselves, liposomes may be formed in an appropriate medium such as 
ammonium sulfate ofwhlch a portion will become, in a sense, encapsulated in Oposomes. thus forming the 
ammonium sulfate containing Uposomes having certain Inner pH. This pH will depend on the difference, 
between the amount of loaded ammonium sulfate inside the Hposoo^es and between of ammonium sulfate' 
outside of liposomes. If the outside and inside amounts are the same. pH in both is identical to the pH of 
ammonium sulfate solution or to the pH of the buffer/ammonium sulfate if the buffer is added to the 
ammonium sulfate. If however, the outside ammonium sulfate ia substituted, diluted, or exchanged, with 
different salt the inside of Uposomes react quiddy by changing pH toward the acidic side. 

In the liposomes, ammonium sulfate win Associate into sulfate ar^s and ammonium cations which will 
further dissociate to neutral armnonia and proton (H*). r4eutral amrrionium which is freely permeable 
through the Oposomes membrane can be, in the practice of this invention, exchanged for another 
compound, such as any amphiphatic deprotonated dnig. Such drug wiU permeate into the liposomes and 
the free proton remaining after departure of ammonia wiU attach to it In this way the drug will become 
protonated and wiU not permeate out of the fiposomes until the reverse pH gradient situation occurs 
whereby it win be dissociated in the liposomes into the proton and the deprotonated drug which wiH be able 
to permeate out of the liposomes. 

By creating ammonium gracfient from inside to outside of Bpesomee by lowering the ammonium on the 
outside, the inside ammonium wifl permeate to the outside to try to achieve the tmmembrane ammonium 
equUbrium and wiU thus create, by removing ammonia and leaving behind a proton H^. a pH inequtUbrium 
with pH lower inside of Oposomes. This wifl result in loe^ of any available amphiphatic drug tor which the 
Iposome membrane ia permeable and which may be deproton at ed. When a certain number of amrrMsnium 
molecules will depart from the Oposomes, the same number of amphiphatic drug molecules, provided by 
theouttide milieu, witt enter the Oposomes In exchange tor departed anrtmonium. Therefore, any drug in the 
deprotonated form, capable of penneating the Bpoeome membrane, and present in the outside miOeu. can 
b^effldentiy. loaded into Oposomes by this, procedure. In the Opoeomes, the drug is protonated and 
therefore trapped and cannot leaic resulting in accumulation of the weak amphiphates inside the Dposomes. 

The system of creating ammonium gradient is illustrated in Scheme 1. 



Z«iposos« 



Outside 



ss 




Amm onium hydroxide imistrated in the scheme can be substituted with ammonium suifate, carbonate, 
bicarbonate or any other ammonium compound which wifi dissociate In the Bpoeome km the neutral 
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ammonium and proton H ♦ according to the scheme i. The M is the amphiphatic molecule possessing a 
reacting site such as. for example, a primary amino group shown in the scheme. 

(n this way a substantial and measuraWe amount of weak amphiphatic drugt can be loaded into 
lipoeomea. the loading amount and speed can be manipulated and their release from the liposome can be 
again controlled by the same system. The stability of the gradient is related to the fipid composition of the 
fiposome and to the mtactness of the fipid bilayer. The pH gradiem formed can be used to control both the 
teading into and release of amphiphatic dwgs from Uposomes. This gradient serves as a protonmotivo force 
for the loading of amphiphatic drug and In reverse as a force for release of the drug, 

Thia method represents an improvement against other similar gradient hMding methods in that it is 
simple since it does not require any special <^iemicals or equipment fast since it takes only short period of 
time to load the liposome with the drug, it provides the drug loaded Uposomes which are stable for more 
than two weeks without need to use any dehydration or other method of preservation, it preserves the lipid 
against hydrolysis caused by the high pH or high temperatures, it is economical in that rt uses only the 
cheapest and readily available chemicals and equipment safe in thai is uses neutral ammonium sulfate 
gradient without need for any harsh acids or bases and efficient in that it allows encapsulation into the 
Bposomea of almost lOO % of the encapsulable dnig without any toss due to the need for the free drug 



A system creating a pH gradient between the inside and outside of Qposomes relies on the entrapment 
of ammonium compound such as hydroxide or salt such u sulfate, phosphate, carbonate, bicarbonate and 

20 such others in the liposome vesicles and on the exchange of the outer ammonium sulfate for a different salt 
having non-penneable anion. Any suitable salt such as nitrate, sulfate, phosphate, carbonate, cyanate 
acetate, benzoate. bromWe. bicarbonate and such others, of sodium, potassium. cak:ium. lithium, barium' 
magnesium, aluminum, nickel, copper, bromide, chtoride. iodide, fluoride and such others, but preferably 
sodium chtoride or potassium chtoride and all buffers such as phosphate, carbonate, bicarbonate or other 

25 buffers commonly known and used in the art can be used in thia prodess. 

By effectively removing the outside ammonium by methods used and recognized in the art in particular 
by dilution, gel exduston. dialysis, diafiltratton. etc^ the mrm ammonium grai^ thus created leads to an 
immediate release from liposomes of a neutral ammonia and to accumulatton of protons inside of 
Oposomes. whfch result in the actoificatton d the aqueous phase inskle the Rposomes. Neither the hydrogen 

» nor the sulphate tons left bMnd in the liposomes fbUowing the amnK)nium sulfate dissociatton leak readily 
when lipids of high quality are used. Moreover, if the proper experimental condittons are met the 
ammonium gradient is stable tor at least two weeks or tonger. 

The method presents several advantages, first the control of the magnitude of the gradient is achieved 
by dilution of the Bposome suspenston in ammonkmi sulfate with soluttona containing different ratios of 

» OTmonium sulfate to certain buffers or salts such aa sodium or potaasium chtoride. carbonate, bicarbonate 
or phosphate buffers in soluttons containing from 0.55 M to 0.00055M ammonium sulfate. This point is 
ilKiatrated in Figure 1. By the degree of dikitton. one can achieve a pH gradient in the range of 0 • 4 pH 
units. The efflux of NH) tons f^ the liposome depends on the NM»* gradtont The Ivger is the gradient 
the tower ta the pH. and the fMer ia the efflux of 1^3 tone, the ftetv ia the influx of the molecules to be 

w toaded into Bposomes. By manipuiating the ratto of ammonium sulfate Oposomes to salts, variations of a 
gratSent as smal as0.28pHwiitsoraalargeaa3-4pHunitacanbe achieved In alternative, the system 
c«t be rnanipuiated by using the Iposomes in arnmonkjm sulfate solutton of 

in the range 0.01 M to 1M. preferably 0.05-0.t5. to achtove a larger or smaUer mmonium gradiem resultino 
in a larger or amaOer pH gradtont ^ 

• The procedm is independent of the method of Bpoeome preparaiton. Thua, the Iposomes may be 
prepared as MLV. by solvent iniectton. including Bpid hydration, reverse ev^mtton. freeze drying or by 
repeated freezing and thawing, and regardtou whether the Rpid flim is thin or thtok although the thin 6pid 
film ia preferred. The fnethod wifl work equafly wen and is equally appOeabto tor amaO uniiameftar vesicles 
(BUVy, small Iposomes prepared by sontoatton. by uaing a French pressure eefl. I.e. by passing MLV 

* »^ ^ pressure, by solvent injectton methods, with solventi such as ethers or 
atoohola. Similariy. the method will work tor large uniiamenar vestotos (LUV), stabto plurilamellar vesicles 
(SPt.V) or fbr olgolameUar vestotos (OLV) whether prepared by detergent removal using dialysis, column 
chromatography, bto-beads SM.2. by reverse phase evaporaflon (REV>, or by tomiatton of imennediate 
sized untamellar vestotos by high pressure extrusiona. Methods in Biochemfcal Analysis . 33: 337 (1988). All 

s mese and other methoda of Iposome preparatton. known in theirt are useful in practicing this invention. 
These methods are described in U.S. Patents 4.235.871; 4.241.046; 4.529.581: 4.737.323 and 4.752,425 
i n corpor a t e d hereby by reference. 

The drugs which couto be toaded in Sposomes using litis method are afl weak amphiphatto compounds. 
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with weik basic or ac^ic moietias and include among others, doxorutxdn. epinjbidn. daunonjbicin. 
carcinofnycin, N-acetyiadriamycin. rubidaxone. 5-tmidodaunomycin. N-acatyidaunomydne. all anthracyline 
drugs, daunorylina. propranolol, pentamidine, dibucaine. tetracaine, procaine, chiorpromazine. vinblastine, 
vincristine, mitomydn C. pilocarpine, physostigmine, neostigmine, chloroquine. amodiaquine. chloroguanide, 

9 primaquine, mefloquine, quinine, pridinol. prodipine, benjtropine mesylate, trihexyphenidyl hydrochloride, 
propranotoi. timolol, pindolol, quinacrine. benadryl. promethazine, dopamine, serotonin, epinephrine, co- 
deine, meperidine, methadone, morphine, atropine, decyclomine, methixene, propanthefine, imipramine. 
amitriptyline. doxepin. destpramtne. quinidine. propranolol, Qdocaine. chiorpromazine. promethazine, per- 
phenazine, acridine orange, prostaglandins, fluorescein, cartoxyfluorescein; and other molecules similar to 

10 these above. 

While pH dependem loading have been described previously, the novel system of this invention 
provides several unique advantages over other methods. The ability to easily contro l the gradient by simple 
liposonte dilution is a natural ^advantage but novel feature of this type of a drug delivery system. The rate of 
loading is predictable and the final drug concentration achieved depends on tt>e pK of the loaded substance 

IS and on its hydrophobidty as determined from its fipid^vaier partition coefflcient which can be modified by 
chemical modification of the drug. The drug loading procedure is quick, easy, witttout demands for 
sophisticated instrumentation and spedatty chemicals or even without demand for two buffers. 

The primary inventive step over tf>e other similar previously used systems is creating tt)e ammonium 
gradient in such a way that Kposomes are exposed a low pH for a very short time prior to loading, and only 

20 at their intemal surface and the loading and release can be done at 37* C. This is due to tt>e fact tttat when 
the external environment of the eposomes is changed, ammonia leaks out and the pH of intemal aqueous 
phase lowers, while the pH of external aqueous phase does not change. During the dnjg loading, in 
particular as loading begins, the rapid entrance influx of tiw drug raises the pH partially and quk:kiy. thus 
decreasing the Uposome exposure to low pH. This haa an important consequence fbr the stability of the 

» Hpid vesicles, since the exposure of phospholipids to low adtfc pHforalongtimemayleadto their 
degradation. 

• Another important feature of this invention is the stability of the Sposomal drug. By using this system 
and by designing a Bpid compositk)n of Bposomea, the stabiBty of the fipoaomai dnjg is considerably 
improved. This is due to the loading and release of dnjg at 37* C. This is very important since it has been 

30 found that only very low rates of leakage of the drug occurred during shelf storage at 4*C for several weeks. 
On ttw other hand, at higher tampenturea. around 50*C there was a substantial leakage of the. dnjg. The 
leakage of the drug from fl p oso me a is also dependent on the Bpid composition of the liposomes with the 
EPC/cholesterol preparation leaking it a (aster rata than tar example the DPPC/cholesterol vesicles. The 
results are illustrated in Table 4. The rate of leakage from Iposomes can be controlled by choice of the 

X phosphottpid used and by the level of cholesterol, for example, edition of DSPC which has a transition 
temperature at 56*C, decreases the leakage release over a broader range of temperature. Adding OPPG. 
which fdrms specific complexes witii amphiphatic drugs results stiU in Afferent release rates. 

Another important advantage tOustrated in Table 1 of the system of this invention is an abiGty to toad 
very high amounts of a drug inside Iposomes without adtftion or presence of the ionophore s . Since the 

40 system can aelf<raa» a pH gradient of more than 3 units almost instantaneously, a weak base will partition 
between the outside and insida of the veeides with a ratio of at least 1 to lOOO because ttte partitioning 
depends fetearfy on the outside to inside NH«* ratio. This ratio ia dependent on the con ce n trati on of the 
dnig during the loedb^, and on the drug'a aokibiBty m aqueous adutiona. By optimizing the drug 
c on ce ntr ati on in tiw external metfum and by preparing ammonium Sposomes by methods with high 

m ammonkim encapsulatfon during »e ortgtnai loadng ertr ap me nt the toatfng effldency can reach almost 
100%. In this case, the dnjgmpid ratio in the Ipoaomes wiB be tower than in ttte presence of dnjg excess. 

The Ipoeonm usefU In the current system may be termed from a variety of ve alci e-terming Opids. 
indudkig dtelphatic chain Ipida. such as phospholipids, diglyceride s . (SaSphatic glycollpkta. single Ipids 
such as s p Nn gomye in and gfy c oaph in go O pid. choleatard and derivative a ttwraof. alone or in combinations 

f» andAor wHh or without Bpoeome membrane rigitffying agenta. 

Aa defined herein, -phoapholpida* Indude phoaphatfdto add (PA) and phosphatidytglycerd (PQ). 
phoaph a tidylchogne (PC), phoaphatidylethanolamine (PC), phoaphatidylnositol (Pt), phosphatidylserine (PS), 
piunwtegena. 9n6 phosphatfdylchofine Bpid derivatives such aa tfpalmitoy^hosphatidylcholine (OPPC). 
egg phosph a tidylcho fln e (EPC), pariiaOy hydrogenated egg phoaphatidytcholne (PHEPC), distearyl- 

Sf phosphatidylchoOne (DSPC). phosphatidylglycerd (PQ), such others. These phosphofipids may be fully 
saturated or pariiaay hydrogenated. They may be naturally occurring or synthetic 

The term 'glycol^* as used herein is kitended to encompass Ipids having two fatty add chains, one 
of which is the hydrocartm chain ol sphingostne, and one or more augv residues. Examples of glycoUpids 
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are surUble for practica of tfie prssant invention include cerebroades, o*'«ctocerebro$ides. 
Qlucocerebrosides. sphingomyelins. GMi. sutfatidee and sphingolipids with di* and tri-sacchandes as their 
polar head groups, i.e. di* and trt-hexosides. 

The term 'polyethylene o»de»* as used herein means a member of polyethers of molecular weight 

9 between 500 and 20.000 made by polymerizing ethylene oxide. The primary representative is polyethylene 
glycol. These polyethylene oxidea. preferably glycols are suitable to be combinad with other lipids, in 
particular with phosphoUpids. to form so called PEQ^iposomes. The membranes of these liposomes have 
different properties from membranes of solely phospholipid Dposomes. The system of this invention is in 
particular suitable for loading dn^gs into these liposomes. 

10 In the diaiiphatic chain npids. such as phospholipids, which preferably make up the bulk of the vesicle- 
forming lipids, the aliphatic chains are preferably at least about 12 atoms in length, and optimally are 
between about 15 and 24 atoms long. The chains are also partially or substantially saturated, by which is 
meant thst each chain contains a! most one unsaturated bond. The saturated aliphatic chains produce better 
lipid packing in the liposomes and substantially extend the stability of the liposome formulations by 

15 eliminating Gpid oxidative/peroxidative Gpid damage. This lack of oxidative damage is observed even in the 
absence of Opophillc free^icai quenchers, such as a-tocopherol. butylated hydroxytoluene (BHT) or 
vitamin E, which, and any other Upid protective agents, may be optionally added in effective amounts. 
Similarly, where steroid-Cype liptds are included in the Rposomes, these are preferably saturated species, 
such as cholesterol and its anaiogues. 

20 The lipids used to form the liposome compositions of the present invention may be either charged or 
neutral. Because it is desirable for enhanced retention of the composition that the overall liposome surface 
be negatively charged, neutral or negatively charged lipids are prefen^d. 

The EPC, OPPQ, OPPC. PHEPC and OSPC. preferably used in the current fonnulations consists of 
about equal amounts of saturated and unsaturated tatty adds of various chain lengths from Ci2 to C22 

3S preferably C16 to C20. To reduce Upid oxidation, when used, predominately polyunsaturated fatty adds are 
hydrogenated to monounsaturated fatty adds. 

The liposome compo si tion may further include cholesterol, chdesteryl hemisucdnate. choiesteryi 
sulfate, choiesteryi and other derivatives of chotesterol. The liposome composition may be further formu- 
lated to include minor amounts of fatty alcohols, fatty adds, and^ cholesterol esters or any other 

so pharmaceutically acceptable exdpients which effect a sutace charge, membrane flutdity and increase of 
incorporation of the dnig in the liposomes. 



liposome preparation 

MLV. LUV. OLV. SUV. FTMLV and SPtV Iposomes were prepared. AU of them were composed of 
phospholipids (PU preferably EPC, OPPC. OSPC, OSPQ and PHEPC. and cholesterol 
(PUCHOU2/1ml/mof) with optionally added 1-I0mol% of PEG. MLV were prepared by ttie thin layer 
hydration method described in Chem. Phys. lipids . 1:225-246 <l9e7): and in Methods in Biochem. Anal. 

40 33:337-4e2 (1888). SPtV were preparedtT the lipid hydration perfbrmed in an organic"solvent sudhas 
diethyl ether, according to Biochemistry. 24:2633-2842 (1885). 0.5 mM desfM was included in all aqueous 
solutions used tor Iposome preparation to nMmixe the effect of Fe ions oir doxorubidn degradation and 
fipid peroxidation accor^ to procedure described in U.S. Patent 4.797.285 incorporated herein by 
reference. AS types of Bposomes. induding PEO-PL MLV. OLV. SUV. 3PLV or FTMLV are contemplated to 

46 be within scope of this inventioa Liposomes were either formed by any suitable procedure in \tm presence 
. of the amnwnium eolution or were performe d without ammonium and subseque n tty submitted to ammonium 
eokition or miBeu. Aitematfvely. the anvnonium may be encapsulated in me Sposomes by using any suitable 
method of er K a psuiat io n . 

so 

Creation of Qradient in Liposomes 

Liposomes can be prepared in any way generally used fbr pre para tion of Iposomes. Generally, the lipid 
components chosen tor formation of Kposorrm are combined, if there are more than one. in an optimal ratio 
S5 such as phosphatidylcholine and cholesterol in ratio 2:1 and tfssdved in m organic solvent such as 
dichioromethane. carbon tetrachloride, ethylene chloride, methylchtorofonn. benzene, toluene, ethyl chlo- 
ride, isopropyl chloride, chtero. bromo. or fluorobenzene. and such other, preferably chloroform and the 
solvent is evaporated at room temperature until dryness. The pH creating system or compound, such as 
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immofmim sulfate, carbonite. bicartxxwts. hydroxicJe tnd such other, is added to the residual thin lipid film 
in amounts to achieve appropriate inner pH in the liposomes, and the desferai or other chelator and other 
water soluble antioxidants such as soluble vitamin 6. vHamin C. glutathione, uric acid are added for 
stabthzation purposes. Altematively. commonly used SpophiUc antioxidants such as butylated hydrox- 
yanisole. butylated hydroxytoluene (BHT). butylated hydroxyacetone (BHA). alpha-tocopherol alpha- 
towpherol succinate, and propyl gallate. are rncorporated in the liposome membrane during liposome 
tormatoi and serving as a protectant against peroxidatlve damage. Uposomes. either as MLV. SUV LUV 
OLV. SPLV. FTMLV or others are formed by extrusion or any other appropriate method such as soni^tion' 
homogemaation. etc. * 



pH of the Ammonium Sulfate Liposomes * 

The passage of the ammonium sulfate containing Dposomes on a Sephadex G-50 pre-equilibrated with 
18 a different isoK)smotlc salt solution such as tbr example 0.15 M NaO, or KO solution, removes effectively 
all or part of outside ammonium sulfate and substitutes it with sotfum or potasslun chloride. This creates a 
gradient of ammonium sulfate between the inside and outside of the Oposomes. Since neutral ammonia 
(NH,) can pass freely through the Oposome membrane, a pH gr«^ ia created in this way. with the 
internal aqueous phase more acidic than the external. The principle ia illustrated by Examples 1-4. 
» m order to prove the existence of the pH ^adient two Indep en dent methods hsr measurement of 
internal pH of the Uposomes were used. First pyranine (8 hydroxy 1.3.6 pyrenetrisuipho.iat») was trapped 
inside the Oposomes and Its fluorescence intensity was measured according to Example 4. Pyranine 
fluorescence intensity is pH dependent because the titration of the S^tydroxy group of the molecule having 
Qkm72 changes its extinction coefficient appreciably. A cafibratkxi curve according to Example 4. was 
29 constructed varying the pH inside the fiposome vesides In the range oi pH 5i) * pH 73 by keeping the 
external medium pH constant at pH 7.5. The left shift of the curve was due to a fraction of the pyranine dye 
electrostaticalty associated with the external surface of the vesicles. This caibratlon cunm was used to 
quantify the change in internal pH of the amn>onium sulfate Sposomes. following the dlution into solutions 
containing descending ratios of ammonium sulfate to potassium chloride. Different ratioe of outside to inside 
so conceiiuatlun of ammonium sulfate was termed by tflutlon of outside mmonium sulfata with different salt 
Changes of the fluorescence intensity of pyranine entrapped within ammoryum sulCate Bposomes as a 
function of the r^ of external to internal concentration of ammonium sulfate are illustrated in Rgure 1. The 
Bgure 1 shows that when the ratio of outside^nslde co ncen tial ton of ammonium sulfate is towered, the 
' inside pH decreases. After passage of pyranine loaded Bposomes on a Sephadex column, pre- 
ss equiGbrated with 0.15 M potassium chloride at pH 7 J. the pyranine fluorescence indtoates an internal pH 
Change ^me liposomes of at least 3 units. The arrows in the cunre describe the Memal pM of ammonium 
^•'^ from the iitaet to thia figure, hset graph shows the caSbntlon curve that relates 
the fkjorescence of Bpoio m e a nti app e d pyranine and tf« Ipoeomal internal pH, In onjer to further 
eubftantlate the existence of me ammonium gradient the aame experiment as descried above was 
« repeated with the other compounds such as acridra orange, a cytotoxic dnig acridine orange is an 
wpf^hrtcweak base (pK-9^ which have tfte advantage ol being fluorescent Mead of trapping 
pyrirtne inside the ammonium sulfate. Iposomes. Iposomes were added to a solution containing acridine 
omge. The quenching of the resulting solution was monitored fdOowing partitto^ 
of the Ipoeorne. using the experimental designs described in Example 5 and tOustraM 
m 2 Shows the effect of ttie gradient of ammonium sutfate between the Mde and the outside of 

Ihe ipoe omea on the quenching of acridine orange fluoreecence. taet ^ ia «i exvnpie of one of the 
^" y^^^^ ^ Percentage of fluorescence intensity (FX) of acridkie orvige was mortftorad continuously and 
^tfwwn here aa (a^ At the specified time (b) Bpoeomes were added and the quenct^ was followed. At 
eteady state. 5 urn of mgeridn was added, ahown here aa (c) and the extent of the releese of quenching 
80 was used to calculate the ammonium sulfite gradfont dependent fluorescence Intensity. The details of the 
experiment are described in Example 5. 

• *n Bpoeomes In which the external ammonium sulfate wee removed, there was 96 J% quenching of 
ecridme orange, which indteate the large acidification of the ir^n^ aqueous compartments of the 



loetf ng of this Uposomes with Doxooibicin 



8 



EP 0 361 894 A2 



Ooxorubtcin is an amphiphatic drug similar, in sonts of its physical properties, to acridine orange, ft is a 
weak amphiphatic base having the amino group. (pK« 8^5). Therefore, the drug has properties simitar to 
acridine orange allowing the pH gradient created between the inside and outside of the liposomes to cause 
doxorubicin's loading into the internal aqueous compartment of the liposomes. For the purpose of loading 

s the drug, the ammonium sulfate liposomes formed according to Examples 1-3. were passed on a Sephadex 
6-50 column pre-equilibrated with a 0.15 M sodium chloride solution, to generate pH gradient and added to 
the doxorubicin solution in saline-desferaJ according to methods in Examples 1C-3C. The kinetics of 
incorporation of the drug is described in Ptgure 3. Two preparations of liposomes were used, one composed 
of EPC and cholesterol in molar ratio of 2:1 ; and second of DPPC and cholesterol in molar ratio 2:1. 

10 Figure 3 shows the kinetics of the loading of doxorubicin into ammonium sulfate Uposomes. The loading 
was started after removal of external untrapped ammonium sulfate by Sephadex G-50 gel exclusion 
chromatography. Ooxonjbicin was incubated for the indicated time with either EPC/chotesterol (-.•.-.-) 
Bposomes at 25'>C or DPPOcholesterol Bposomes 50*0 . At the end of incubation period, 

unincorporated doxorubicin was removed by adsorption on a Oowex SOW cokimn and the concentration of 

fs the phospholipid and drug were determined and used to calculate the Ooxorxibictn/Upid ratio. 

Free unentrapped doxorubictn (DXR) was removed from the Sposome^doxorubicin preparations using 
the cation exchange resin Oowex 5>WX-4 200-400 mesh. The resin wu prepared in its sodium form 
according to the procedure described in Biochem. Btephys. Actau 818: 343*351 (1885) with some 
modificatk>ns. The Oowex was added to the liposome-doxorubicin preparation and gently shaken for 20 

20 minutes at room temperature. During the incubation period tfte positively charged free doxorubictn binds to 
the Oow«x resin while the entrapped doxorubictn remains associated wHh the negatively charged liposomes. 
The Oowex was removed from the BposomaMoxorubidn by vacuum filtration of the mixture through a 5.0 
um Naigene fillerware funnel (Nalge Company, Rochester. N.Y.). Oowex binds Oesferal and therefore the 
latter was added to final concentration of 0.5 mM immediately after the removal of the free drug by Oowex. 

28 As can be seen from Figure 3, the process is btphasic with a'quicker phase in the first hour and a 
slower phase thereafter, the latter continues for about 24 hour*. The amount of drug Incorporated into 
OPPC/cholesterol liposomes wu double of the amount i nco rpor at ed into the EPOchoiesterol Oposomes. 
Ammonium sulfate liposomes without an inskje-outstde pH gradient incorporated the drug only to the extent 
expected from the partition coefficient for the apedfic Ipid uaed. and the irttemal volume available. A final 

so ratio was dependent on lipid concentration. 



Effect of the Oegree of Hydrophobicity on the loading 



Other amphiphatic weak bases, such as for example aokfine derivatives, partition much faster than 
doxorubicin into the tntemaJ aqueous phase of the liposomes in response to a pH gradient The liposomee 
toaded with daunorubicin, a doxorubicin anak)g which tacks the hydroxy group and is therefore more 
hydrophob ic than doxorubicin, under the experimental co nditto na proved that it ts so. The rate of 
40 daunombidn in corpor a tton was higher than that of doxorubicin. probMy due to its about 10 times higher 
hydrophobicity and the uKorporation went to completion in leee than one hour. 



The Concentration of Doxorufatein inside tfte L ip o so me s 



In order to detarmine the ooncenbratlon of a loaded (frug inside iposomes. the Intemal aoueous osmotic 
volume of the veeides was measured. This was done by the ei Uia pinen t of the norwneasurable radioactive 
frecer m nuln. The comparison of tfie ndioacthnty per mole pfwephoiipids before ar^d after removal of the 

so . untrapped inuin was ueed to determine trapped volume using a procedure described in individual 
exampiea. From the obtained data, the internal volume of two preparations i.e. EPOthoiesterol and 
OPPOchoiesterol vesicles, was calculated and results sumnnerized In Table 1. The intemal trapped volume 
of (he OPPC/choleeterol preparation was almost twice that ol the EPG/tholesterol preparation. I.e.. 2.7 
against 1.5 ml/hnole. The correiatee wea with the size dmerence between the two popuiatkyis of liposomes 

ss as shown in Table 1. Also given in the same table are the caicuiated equifibriim) coricentr ati ons of 
doxorubic in in these two pre pa raflo na . The intamal doxo rub icin concentrations tar the two preparations 
wtiich is almost kJentical. together with tfie difference in liposome size. explM the dW^rKO in the drug to 
lipid ratk) referred to eariier. The identical concentration of doxorubicin in the two vesicle types suggest that 
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ttw system raaehad its fimits. 



to 



Aggregation of PoxoruMcin tmida the Liposowea 

« J^L*lr? encountered with loKling of dnigs into Uposomes Is that there is a Bmit to 

J^^L smounts of the dnjg can be loaded and that if that Omit is reached the dma 

would Often form aggregates in the Uposomes. This can be best illustrated by doxonjbidn 
H^J^J^JT" ^T^T''^ described in Biochemistry. 213927-3832 (1982) that at concertratlons higher 

"^'^ *^ Wsgates. Since the concentra- 
don achwed m the ammonium sulfate Hposomee far exceeds this Smit the physical state of this drug 
iiwde the vesKles was studied. The simplest physical parameter that changes by aggregation is the 

high concef*ak)ns Of doxorijtfdn in solulhjn. and also 

HpMomM. Measurements wwe carried out en a Perldn Bmer Lambda 3B dual beam spectrophotometer 
The ratto m liposomes was obtained as a difrerant spectrum in which 'empty Bposomes. i.e. not 
wnttining doxorub«m were prepared using the same Bpid composition and in identical way served as a 
JO control. By using this procedure the Hght scattering of the Bposomes was corrected. In both cases a 
•ibstantlal aggregation of the drug can be infefred from the data. Such aggregation however, is in no way 
deffimental fbr the release of doxorubicin from the ipesomes. 

« fteedftwubidn in solution as a function of ita concenti a iimi in parallel to the fluorescence intensity of 
B »• Iposeme entrapped drug. The measurements were earrted on a Parldn-Bmer MPF^ spectrofluoro- 
meter. usnig exdtailon/tmiasion wavelengths of 470 nm and SSO nm reapectivety. Doxorubicin waa diluted 

at concentration higher than about 10-»M. This was done by eompvfson of the fluorescence at every 
concentration with the fluorescence of me same solution but tflutsd to a c o n c wi ttaU oi i smaller than iO-«M 

to Studying the self-quenching in solution presents the problem of the inner flNar effect As can be seen in 
Tab le 3. doxor ybtcm Buorescence inside the Iposomes is almost tOO% quenched. This wes calculated from 
0» diffsrence between the fluorescence of the liposomes prepared accordng to Examples K and the 
ftiorescenee of the same mixture after diluting it 10 times with isopropanol containing 10% of 0.75 M 
Surt solution soiubiBzes the liposomes completely and therefore causes more than ibid dilution in 

s dwonjbicinwj^^ 

aotffled 'sopr opanol solution, deduced from measurements of ttie fluorescence of "ftee- drug in the two 
SSdTt'JStl^ 

e 

Uafcaoe of OoxerubltinfrewUpoeomee 

One of the impertant aspects of iMs indention is the leakage of the (kug from the Bposomes. The 

B» t«8oe can beatfiieved if the leakege can be time controllsd a to provide lime rete^ 
Of dworubidn leekage l>om ttie Iposomes. By monitoring any enhancement in Ow fluorescence intensity. 

HffllcR tt A ffSnA^nnn mams tAeM*tel«M« — — — — m » » t« ■ 



• ••"•etion 01 dequenching. one can monitor the exact amount of released dmg according to 

TOdure of Example e.Kie to be underetoodftat certain degree of leaicage is axpectsd since the removal 
of any unincorporatad dogoubidn creates a strong gradent of the drug. 

muJiSl *^ * f^:.*^-"" ^ rele from the hw types of Bposomes. Ftgin 4 



, «P«w>mea. The flgure compares leakage from Bpoaomes with either 

mamtvanikaasocittad or aqueoua phaae entrapped doxonibicin. The latter were prepared by the ammo- 



S T. .*!™' ! °*^ <»»«w*«l h> th« examples using Of>PCAMesterol (-.-.-.-) and 

wc^SlL;; ' L!?!!f^ ^ membrane associated type of Iposomes where composed of 
EPC«PQ«»iesterel « ratio of (7/3/43«oimToimH)0 contain 



10 



EP0 361 894 A2 



Ammonium Gradient in Liposomes • A COa Generator 



TO 



TS 



90 



The current invention is aiso useful for generation of gases, in particular CO} as hyperechOQenic 
enhancers for uttrasound imaging. The procedure and results are described in Example 9 and in Figure 9. 

CO3 is hyperechogenic and therefore may act as enhancer for uttrasound imaging. Until now it was 
drfficutt to get a formation of CO3 gas in target organ. One way of utiDzmg this irwention is to administer to 
a target tissue of a person to be diagnosed by uttrasound imaging the ammonium liposomes such as for 
example liposomes having ertcapsulated ammonium bicarbonate, tn the Qposomes, the ammonium btcar* 
bonate will dissociate into the ammonium cation which wilt further dissociate into freehydrogen proton and 
neutral ammonia and bicarbonate anion which dissociates into water and carbon dioxide.Carbon dioxide and 
neutral ammonia then permeate through the liposome membrane according to ammonium gradient Thus, 
the ammonium liposomes may act as a carbon dioxide generator in tissue as described in Rgure 5. The 
process is shown in Scheme 2 



A LXPOSOMC 



NH4HCO3 



HH4* • HCOj' 



A 

r HaO • 



KH3 



(COl)CAS 



The main advantage of this approach is that the Uposomes can be targeted to definite tissues and if the 
process of CO3 release is in the right time frame then it mcy be a suitable image enhancer of organs and 
tissues which can be reached by Bposomes, In practice, ackfificatfon of aqueous compartment of Hposomes 
by the ammonia gradient produces COa gas from the NHiHCOi entrapped inside the Uposomes. The 
NH4HCOJ is then used to acidify the Iposomes and as a COa source. This aspect may be used for 
enhancement of ultrasound images as well as for other systems which require a controlled and remote 
release process of gases or other compoitfids that require at mU abdmcatton in sites unapproachable by 
conventional te ch ni q ues. 

The following examples illustrate methods for matdng and using the novel procedure of this invention 
but are in no way inaanded to fimit the scope of the invention. 



UTUJTY 



so 



The primary utiOty of the system of this invention is the easy and efficient loedng and release of the 
amphiphatic dnigs into and from Iposomes by creating M system of two (pH and ammonium) gradients in 
such a way that the fiposomes are exposed toalowpHonfyteravery short time prior to loading, the only 
at their intamal surface and the loading and release can be done at 37* C. The rate of loading and/or 
release is easily manipulatad by changing the gratfents. The system fa physiologicaUy acceptable, non- 
toxic and suitable tor loading amphiphatic drugs into Rpoeomes even in useful for example for removal 
from the blood circulation of overdose of amphiphatic compound or for creating ^ Mi the concentration of 
COa tor diagnostic imaging. The short exposure of the Bposomes to a low pH iTreasonabiy well tolerated 
and ttM the stabiBty of the Bpid vesicles la greatty improved against the stabiSty of iposomes being 
exposed to low aci^ pH tor a long time which may lead to phospholipid degradation. This is particularly 
important because ttm efficient dnjg loa^ by the pH gratfent can be achieved with property engineered 
npid compo si tion together with desired rafea of release of the amphiphatic dnig from the Hposomes. 
Ammonium sulfate liposomes were found to be non-toxic when admkttstared to mice and did not provoke 
any toxic symptoms or caused death. 
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Materials 



Upids: Egg phosphatidylcholine (EPC) was purchased from Avanti Polar Upids (Birmingham. Aiy EPC 
95% was purchased from Asahi.(Japan); Cholesterol was obtained from Sigma (St Louis, MO.); doxorijbicin 
was obtained from Carlo Erba (Milan. Italy). 

PH ingcatofs: Pyranine (84iydroxypyrene-i. 3. S-trisutfonate) was purchased from Molecular Probes 
(Eugene. Oregon); acridine orange was purchased from Aidrich. 

Nigericin was purchased from Calbiochem (Mountain View. OA), Oaunorublcin was obtained from 
Sigma, aipha-tocopherol succinate and O.L alpha-tocopherol. Sephadex G-50. Sepharose 6B (Pharmacia) 
and Dowex 50 WX-4 200-400 mesh (Dow ChemicaO were obtained from Sigma (SL Louis. MO. USA) 
Desferoxamine mesylate (Desferal) was obtained from Ciba Qeigy (Basel. Switrerfand) and polycarbonate 
filters were obtained from Nucleopore (Pleasanton. CA). 



Example 1 



Preparation of EPC/Cholesterol Liposomes with NH4 ♦ Gradient 



This example illustrates the preparation of EPacholesteroi Hposomes with outside to inside ammonium 
sulfate gradient lesser thani.O and the loading of the drug into these Hposomes. 



A. Preparation of Liposomes 

^lOOmg of EPC tfssolved in 5 ml of chlorofbrm were poured into a round bottom flask and 25 mg of 
cholesterol was added. The chlorofbrm was evaporated using a flash evaporator under reduced pressure 
until dryness. To the thin Bpid film on the surface of the flask was added 5 ml of a solution of O.ti M 
ammonium sulfate containing 03mM desferal dtesofved in water and the Ipkto were dispersed in the 
sokjtton by vigorous shaking tor approximately half hour. The muttlamellir vesicles (MLV) obtained above 
were extruded 3 times through a 0.4 urn l^ideopore pofycarbonate flRer and 3 times through a 0^ urn 
polycarbonale filter using the stainless steel extrusion cell under the pressure oflSO psi erected by argon 
^ ^ ^"iporeflltratton unit The whole process was carried out at room temperatire. The desferal was 
•dded to protect the Bpids and doxorubicin against degradathre processes according to the procedure 
di^nbed in U.S. Patent Appficatton Ser. No. 806.084. filed on December 6. I88S. incorporated hereby 
reference. 

The MLV produced were either used directly and referred to as MLV or were further processed, either 
by freezing and thawing (FTMLV) to ^ FTMLV. or by extnjsion to give extnjded ofigolamellar vesicles 
(OLV). 

FTMLV were prepared from the above MLV by 10 repetHhre freezing thawing cycles between liquid air 
at 2S*a eccor^ to Btochim. Btophys. Acta. 617:183 (1965). 

BAuded OCV were prepared from tfSIRLV by their extruskxi 3 tfrnes ttmigh 0.4 urn (Sameter 25 mm 
pc^jc mtoom 10^ , followed by three extmsions through 0.2 um 25 mm dimeter polycarbonate filters 
"^8 •won pressure of 150 PSL A motfffed MINpore ulMftraHon unit was used tor the extrusion. The 
whole extrusion step took lees th«i 30 mia 10 sec of ultrasonic IrredMon m bath sonicator (Transonic 
4a01H 38 KHi frequency. 288 watts. Elma Bergwies. AusWa) feciBtated the extruskDn without affecting the 
quaSty and properties of the extruded OLV. 

Stable pkjrilamellar veskries (SPLV) are related to the reverse phase evaporatton vesk:les described in 
Proc. Ntf. A^l Sd (USA), 75:4194^188 (1878). They were prepaied by removal of diethyl ether from 
ether/water emutsjon m which the Bpids were present in very high concentration, as described in 
^f>chmf)h^, 24: 2833*2842 (1965). using 1 10 mM ammonkjm sulfate sok/lton containing 0^ mM desferal. 
Wash ing sy s fbr aU vesk:les were perfonned in the above wnmonium mOfm solutton. 

Upoeomes size Retribution waa determined by quasielastic Ight scattering (GELS) using the Malvern 
4700 automeasure system according to Methods in Bkxhem. Anal.. 33:337-462 (1988) 

Effect of tiposome type on ammonium gradent dependent loading of doxorubicin. Table 5 shows a 
companson of doxorubicin loading into three types of nuittUanteUar (AvantO EPOtholesterol Bposomes as a 
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result of ammoniuin too gradient In alt cases the gradient was obtained by gel exclusion chromatography of 
the fiposomes after ammonium sulfate loading. The incorporated doxorubicin was removed by Oowex after 
24 hours incut»tion at room temperature, and the mole ratio of doxorubicin to phospholipids (OXR/PL) was 
determined. Table 5 demonstrates that loading efficiency is in the order SPLV > FTMLV > MLV. This order 

9 is related to the trapped volume of these three MLV types. It is of interest that the MLV are leakier than the 
SPLV or the FTMLV. suggesting better annealing of the latter two types of MLV. 

Stability of flposomes loaded with doxorubicin was determined by characterization of the physical and 
chemical stability of egg PC/cholesterol liposomes loaded with doxorubicin by the ammonium sulfate 
gradient method. The leakage of OXR is temperature dependent with rather high energy of activation. The 

10 first stage of the physical stability studies was to follow the change in OXFVphosphoUpid mole ratio of the 
MLV prepared by 3 different methods described in Table 5. 

From data it is dear that leakage at 4^ is dependent on method of aposome preparation. Physical 
stability based on the leakage rate is In the order FTMLV > SPLV > MLV. Assuming first order kinetics of 
leakage, the Hposomes composed of fhikj lipids (Tm < Z7K) are most suitable to be used for the remote 
rs toading. The above data indicate that the major problems with the stability of these Uposomes stability is not 
the chemk^l stability of OXR and phospholipids, but the leakage of OXR The latter problem can be 
reduced if phospholipids with high temperi^re phase transition are used. 



20 B. Creation of a pH gradient 

The above obtained flposomes were appOed to a Sephadex Q-90 column pre-equilibrated with a 0.15 M 
sodium chtohde solution containing O.S mM desferal and eluted with the same solution. To reduce loss of 
the large vesiclea (MLV. SPLV and FTMLV) the vesicle dispersions were sonicated for 10 sec in bath 
« sonicator. The void volume containing the fiposomes was collected and used in Step C. 

Altematively. the vesides were dikited with the above NaO solution to give the desired ammoniun>- 
sutfate gradient between the Hposoo^es and the external medium. For example, by dilution of. the liposomes 
1.000 times in 0.15 M sodium chloride solution a 1 to 1.000 outside to inside ammonium sulfate gradient 
was obtained. 

so In another set of experiments, the sodium chloride was substituted with the potassium chloride. 



^- *^o*^*"0 of fiposonw with doxorubicin. 

S8 1 ml of a 10 mg/rni solutton of doxorubidn Ha tfsso <ved in s«fin»*desferal was added to 1 ml of the 
liposome dispersion after the Hposonnes were gel filtered on a Sephadex Q-50 column in Step B. The 
mixture was tno^tated at room temperature for approximately 24 hours. The incubation was shorter for 
certain types of Mnetic experiments. At the end of incubation period, the mixture was passed through a 
Oowex 50 WX«4 (Serve) column to adsorb the free, un in corpor ate d drug. As smaH amount of 60 mg of the 
' 40 resin was able to edeoft aa much as 1 mg of free doxor ub id n In a time shortsr than less titan 1 5 minutes. 
Uposomo incorpor at ed doxorxAidn did not adsorb to the Oowex redn « all and remained in tt>e Uposomes. 
A column co n tain in o 1-2 g dry weight of the reetn was sufficient to adsorb al unincorporated drug. To 
detemiine the ratio of inco rpor ate d dnjg to Itposontal Bpid. the phospholipid and doxorubicin concentration 
were determined. PC co n cen tr ati on was determined according to Anal Biochem.. 104: 10-14 (1980) 

4S motffied sothat20ulofl0MHa were added to the assay mixture, in order to avoid partitioning of 
doxorubicin into the organic phase of the assay. EPC was used for a standvd curve. 

Ooxonibidn con centrati on was measured after dssoMng Hposomes in isopropyl alcohol containing 10% 
of 0.75 M HQ aqueous soluflon. The absortance of the solution was determined In a Peridn Elmer Lambda 
36 UV/VIS dual beam spectrophotometer, using a wavelength of 460 nm. and m extinction coefficient for 

80 doxorubidn In ttie addHled isopropyl alcohol of 12600 W\ CM*«. HPLC of ttie lolubilUed Uposomes was 
used to assess the mtegnty of ttw doxonjbicin according to tho method described in J. Patent Sd. 
Techno!.. 38: 220-224 (1689). 



ss Example 2 
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Pmptration 'of DPPC/ChotegtefOi Uposomes with NH* * Gradient 

This example illustrates the preparation of dipafmrtoyi phosphattdylchofine/chctesterol liposomes with 

ammonium sulfate Qradiem outside to inside lesser than 1.0 and the k>m^ng of the dnjg into theses 
liposomes. 

A. Preparation of Liposomes 

100 mg of DPPC dissotved in 5 ml of chloroform were poured into a round bottom flask and 25 mg of 
cholesterol was added. The chloroform was evaporated using a flash evaporator under reduced pressure 
until dryness. To the thin Rpid film on the surface of the flask was added 5 ml of a. solution of 0.11 M 
ammonium sulfate containing 0.5 mM desferal dissolved In water and the fipids were dispersed in the 
solution by vigorous shaking fbr approximately half hour. The MLV obtained above were extruded 3 times 
through a 0.4 um polycarbonate filter and 3 times through a 0^ um polycarbonate filter using the pressure 
of 150 psi. created by argon gas in a MilHpore fiHraflon unit The whole process wu carried out at 50* well 
above the transition temperature of phosphoflpid. 

B. Creation of a pH gradient 

The above obtained liposomes were applied to a Sephadex Q-50 column, pre-equilibrated with a 0.15 M 
sodium chlorkje solution containing 0.5 mM desferal and etuted with the same solution. The void volume 
containing the liposonrtee was collected and used m Step C. 

Alternatively, the vesides were diluted with the above NaO solution to gh« the desired ammonium, 
sulfate gradient between the liposomes and the external metfum. For example, by dilution of the liposomes 
1.000 times in 0.15 M socfium chlorkje solution a 1 to 1.000 outside to inside wnmonium sulfate gradient 
was obtained. 

In another set of experiments, the sotfum chloride wu substituted wrth the ai5 M of potassium 
chloride. 

C. Loading of liposomes with doxorubicin . 

1 ml of a 10 mg/mi solution of doxoo ib i cln HQ dissolved in saSne-desferal was added to 1 ml of the 
Hposome dispersion after the Rposomes were gel Altered on a Sephadex 0^50 column. The mixture was 
incubated at room temperature lor approximately 24 hours. At the end of incubation perkxj. ttie mixture was 
passed through a Oowex 50 WX-4 (Serve) column to adsorb the free uni n corpora te d dnjg. As small amoum 
aa 50 mg of the resin ie able to adsort as much as 1 mg of free do x or u bi cin in a time shorter than less than 
15 "^^^J^^iif gpwome in co t p oi ated doxorubtein does not adsorb to (he dowex resin at all and remains 
with the Bpoeomes. A column containing 1-2 g dry weig ht of the resin was sufficient to «jsorb all 
^^ r ntKorvKu mm S drug. To determine the ratk) of incorporated dnjg to IposomaJ IpM. the phospholipid and 
doxorubicin co n c e ntratio n were determ in ed as described m ExOTpie 1. 



Preparation of EPOCholesterolUpoeomes with a NH»*Qraaem 



TWs example iUustrates ttie preparation of 95% EPOtholesterol Bpoeomes with ammonium sulfate 
" Oradiem outside to inskle lesser ttm 1.0 and ttieloed^ttie drug into times 

A. Preparation of Li poso m es 
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100 mg of egg phosphatidylcholine 95% (Asaht) dissolved in 5 ml of chloroform were poured into a 
round bottom flask and 25 mg of cholesterol was added. The chloroform was evaporated using a flash 
evaporator under reduced pressure until dryness. To the thin Dptd film on the surface of the flask was 
added 5 ml of a solution of O.i 1 M ammonium sulfate containing 0.5 mM desferaJ obtained from Ciba-Geigy 
s dissolved in water and the lipids were dispersed in the solution by vigorous shaking for approximately half 
hour. The SPLV obtained above were extruded 3 times through a 0.4 um polycarbonate filter and 3 times 
through a 0.2 um potycart>onate Alter using the stainless steel extrusion celt under the pressure of 150 psi. 
created by argon gas in a Millipore filtration unit The whole procesa was carried out at room temperature. 
The desferal was added. 



B. Creation of a pH gradient 

The above obtained SPtV were applied to a Sephadex 0*50 column pre-equilibrated with a 0.15 M 
rs sodium chloride solution containing 0.5 mM desferal and eluted with the same solution. The void volume 
containing the liposomes was collected and used in Step C. 

Alternatively, the vesicies were diluted with the atwve NaCI solution to give the desired ammonium- 
sulfate gradient between the liposomes and the external medium. 8y dilution of the Dposomes i .000 times 
In 0.15 M sodium chloride solution a 1 to 1.000 outside to inside ammonium sulfate gradient was obtained. 
20 tn another set of experiments, the sodium chloride was substituted with the potassium chloride. 



Loading of liposomes with doxorubicin . 

M 1 ml of a 10 mgfmi solution of doxorubicin HO dissolved in salin^^esferal was added to 1 ml of the 
liposome dispersion after the liposomes were gel filtered on a Sephadex G-50 column. The mixture was 
incubated at room temperature for approximately 24 hours. The incubation was shorter for certain types of 
kinetic experiments. At the ertd of incubation period, the mixture was passed through a Dowex 50 WX-4 
column to adsorb the free drug. The resin is able to adsorb as much as 1 mg of free doxorubicin in a IS 

30 min time while the sequestered liposome incorpor at ed remains with the Sposomes. A column containing 1-2 
g dry weight of ttte resin was sufficient to adsorb all uni n corpor at ed drug. To determine the ratio of 
incorporated drug to liposomal lipid, the phosphofipid and doxorubicin concentration were determined as 
described previously. 

w - - 

Example 4 



40 Loading of Pyranine Into Ammortium Sulfate Containing Uposomea 



This example iBustrates the loa^ng of fluorescent compound pyrantne into ammonium sulfate corttair>- 
ing flp oso ff w and determlrtftk)n of inner pH of these Hposonr>ee by measurement of pyranine fluorescence. 

46 Uposomea were prepared as in Example 2 above, with the e xc ep t ion that 0.5 uM of pyranine. (8- 
hydroxy ^JU pyrenetrisulphonateK wu included in the hydration solution which also contained 4-<2- 
hydroxyethylVi-piperazinethanesulfonic actd (HEPES) buffer, with 10 mM Anal concentration and pH 7.5. 
Renwvai of the untrapped pyranine wu achieved by gel filtration on a Sephadex 0-50 column, pre- 
equifibrated with 0.11 M ammonium sulfate solution cont aining 0.5 mM desferal and the HEPES buffer. For 

so acidifying, the Mp o ao me a were passed on a Sephadex column p re e qu titfarated with a potassium chtoride 
solution buffered with HEPES or dUuted in mixtures of ammonkjm-sulfate and the above solution in different 
proportions, to achieve the desired outside/Inside ratio of ammonium sulfate. interna pH of the vesictes 
wss determined by measuring the relative fhiorescefKe emission of the pyrantne. A calibration curve was 
constructed by preparing P p oao n^e s in s ol u tion s of sodium chloride adiusted to different pH by titration of a 

ss 20 mM 4*morpho lin oethanesulfonlc add (MES) buffer of pH 5 and 6. and the 10 mM HEPES buffer solution. 
Passage on a Sephadex column G-50, u mentioned above, p rovided a series of Iposomes preparations 
with a fixed external pH of 7.5 but a different internal pH. In aU cases the cdtapse of the pH gradient and 
the equilibration of inside-outside pH was achieved by addltton of Nigericin to a final concentration of 5uM. 
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25 



Pyrtni^ w«3 m««ured on « Pertorvamar LS-S tpectrofluoromattr. using axcrtttion/emission 

wiveiengtns of 460/520 nm. The calibrttion curve is shown in Rgure 1. 



to 



Exampfe S 



Acritfne Orange Incorpor t tion Into Liposomes 



This. example- ilUistrttes- the -iotdinQ of acridine rorange into liposomes. Acridine orange- is a weak 
amphiphatic base of pK-9^5 of which main aclvantage-is that it hasJluorescence properties. 

1 umol of acridine orange was added to a solution containing different proportiona of potassium chloride 

IS and anwnonium sutfate. The solution was designed to get different outsid^nnaide gradients of ammonium 
sutfate when the Sposomes are added. A small aliquot of the Sposonm suspensions, calculated to dilute 
the liposomes 200 times and prepared as In Example 2A, was mixed with the acridine orange solution in a 
ojvette, and the quenching of fluorescence was continuously monitored using a Perttn-Bmer LS-5 
spectrofluorometer with excitation at 480 nm and emission at 528 nm u an indication for the arhount of 

» •^' ^^^y ^ w iTKorporated into the vesicies. After equiObration. nigericin was added to achieve a 
final concentration of 5 urn. The recovery of fluorescence was monitored. The ratio between the fluores- 
cence before and after addition of nigericin was used to calculate the quenching of acridine orange 
fluorescence according to the formula: 



100 • —2^- X 100 

* TUT^ Po i« the fkxmcenca obtained after quenching reached plateau; and Fn is the fluorescence 
intensity recovered after addition of Nigericin. The quenching can serve u a quafitatfve indicator of the pH 
gradient The results ve summarized in Figure Z 

* , . ExOTple6 



Kinetics of Leakage of Doxonibicin from Lipoaomea 

Upoeomee containing do xo njfafcin were prepared exectty ae in examplee 1A or 2A, respectively/ A 
1.000 times d*itton of the Ipoaomes In safine was perfomted and the fluores c ence of the mixture was 
monitefed contlnuouaiy in a Pertdn Qmer MPF-44 spectrofluorometer. mjer condtttons of controlled 
22^ ^ continuous. Snear rise of the fluorescence was notteed in every case. After 

eech experiment the Ipoaomes were dftited 10 times m laopropyi atoohol comaMng 10% of 0.75 M HO 
aqu eous s oMten. The fluorescence of this aolutkxi. in which the Ipoeomee were completeiy dlasofved. and 
ttie doxonibidn was dttited to an extern that no quenching occurred, was a measure for 
«U0 inside the IpoeomM. The amount that leaked, expressed m percentage of tfie mount of drug 
^^'" '"O >«We the ipoeomee. was caicuiated f^ the ratio between the tareaae of fluorescence 
oMM after leakage and the totti amoum of doxonjbida Resutta m given ki Ttfe 4 



Toxicity of Ammonium Suff^ Loaded Uposomes 
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Uposomas w«f« prepared is described in Example 3A using fresh 95% EPOcftdlesteroi in 2:1 molar 
ratio. pM gradient waa formed by ramovaJ of external ammonium sulfate by gel exdusien cftromatograpny 
as described Examples lA, 2A, 3A. Half of the liposomes was used for loading of doxorubicin using this 
method. Other half was Injected into tail veins of 6 BALS-C mice at the tevel of 350 mg PC per kg. The 
mice were followed for 8 months. None of the mice died and ail of them behaved normally. At this level the 
ammonium sulfate liposomes were non-toxic. 



Example 8 



Loading of Paunofubtdn into Liposomes 



Ammonium sulfate liposomes were prepared exactly as in Example 2A above. After separation of 
untrapped ammonium sulfate by Sephadex (3.50. 1 ml of the liposome dispersion was mixed with lO mg of 
20 daunorubidn dissolved in 1 ml of 50*^ and at specified time intend aliquots were taken. Free 
daunorubidn was removed by the same Oowex method described for doxonibidn in Examples lA, 2A. 3A, 
and the dsunorubidn concentration was measured as shown for doxonibidn. It was found that the loading 
was finished in 1 hour, and the ffnai molar ratio of daunorubidn to phospholipid achieved was i:6. 

» * 

Example 9 



X Ammonium Gradient Useful for Ultrasound Imaging 



Ocuscon 128 Computerixed Sonography System (Ocuacon. CA, U.SX) was used throughout all this 
5tudy. To improve the monitoring, the ultrasound probe was coated with Largo Scan-ii ultra fine scanning 

» gel of cosmette quaiity. water sohible and satt free (Bibmetrix, Jeruaaiem. tsra^ 

Demonstration that COi gas produced by acidification of medium containing ammonium bicarbonate 
(NH4HC03) was made by an ultrasound probe. For this, ammonium carbonate (0.12 M) was placed in a 
beaker. The ultrasound probe wu attached to the beaker. No signal was observed. When HQ was added to 
lower the pH to pH 4.0. large signal appeared on the scope proving that the COa gas produced by 

40 addHteation of NM4CO1 ia indeed hypere ch oge n ic 

Pbr de m onatiatk xt that the anunonium gratfent in fipoaomea can be used to generate COi gas which 
can be monitored by an ultrasound probe. SPUV were prepared as described in Exampie 1 using 80 mg 
EPC and 20 mg cholesterol. The Bpids were tfasolved m tfethyl ether. 04 ml of 0,i2 mol NM4HC0i was 
added. Afl other steps were identkul to those described above. After ether evaporation under continuous 

4S irradiation, the paste was tfapersed in 1 ml 0.12 M NH4HCO9. Control SPLV were prepared using identxral 
condtiona except NH«HCO) was replaced by NaO (O.tS.M) so no mnonium grac^ couU be fbrmed. 1 
ml of the Iposome diapersion wu placed in a dialysta bag. The Ocuscon probe was attached to the dialysis 
bag and both together were introduced into a beaker containing either NHaHCOs (0.12 M) or NaO (0.15 M). 
Fbur afferent contbinatlons described in Table 8 were tested. 

sa The finftig that only Iposomes containing NH4HCO1 when dWyzed agtfnst NaO m the beaker give a 
signal shows that me signal is dependent on the NH4* gradient The signal continued for an extended 
period of several hours. This may be a result ol either the flow fomwiatlon or slow release of the generated 
COi. 

Feaaibifity of the enhancement of ultrasound imaging was demo ns tr at ed in mk:e. BALB/c mice 27 g 
S5 were anesthetized by pentobarbital. Then 0.5 ml of SPUV containing NH*HOCi was administered intra- 
venously into the tay vein. The viscera of the mice was monitored by the ultrasound probe and sonogram 
developed. The black spots observed on the sonograma were indicattona of the hyperechogenidty of the 
ammonium gradierrt iposomes. 
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TABLE 1 



Liposomo Ch<rtct8rization 


Liposome 
Composition 


Mean' 
Otameter 


Trapped 

Volume 


Liptd^x* 


Oox."" Concent 
inside liposomes 


(mctamtoie) 


(nm) 


(mtAnole) 


(mole/mole) 


(mM) 


OPPOCho* 
(2n) 


323.1:153.9 


Z7 


3.1 


119 


Egg.PC/Ooi 
(2/1) 


214.Sxa6i) 


1.5 


5.8 


115 



' s standard deviation 
- Ratio of phosphoHpid to doxonibicin after loadinQ to equifibrium (mole^ole) and 
removal of free drug by Dowex. 
Calculated concentration of doxorubio'n inside the vesicles. 



TABLE 2 



The Change in the OOiso/OOsso Ratio as Function of Doxorubicin 
Concentration 





Concentration 
(M) 


00470/ 
OOllQ* 


Ooxorubictn solution 


8.8 10-* 


5.15 




a8 io-« 


3.44 




8^10-* 


2.85 


Ooxorubtctn in OPPC/Chol Bposomes* 


1.19 X 10-^ 


1.90 



* • The ratio of absorbance at 470 nm to absorbance at 550 nm. 
*• Caicuiated u described in Table 1. 



TABLE3 



S«ff-OuenchinQ of Doxorubicin Pluorescencr 





Coneentratton 


Quenching 






{%) 


In solution' 


X4.10J 


18 




8.9.10-* 






1.7.10-* 


33 


In OPPOCHOL OLV 


1.19x10-' 


97a3 


meooPOCHOLOCV 


1.15 xlO-* 


84a4 



* Fkiorescence emissksn was corrected tor the inner fUler efCKX T^ 
% quenching of doxorubk:in in Iposornes may be related to its slow lealc^ 
ftrom the Iposomes to the external medium. 
OLV * are the oiigolameuar fipoeomes. 
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Cooposl 
tlon 



TABLf 4 

ImAk^om of Doxonibleln froa LlooiQCMS 



T«mptrature 



(^C) 



Cner^ of Activa- 
tion* 



K cal.aole 



-I 



OPPC/CHOL 


24 


0.034 


12.3 




49 


0.20 




E99 PC/aiOl 


22 


0.13 


9.8 




49 


0.53 





• Energy of actlvatfon of the leakage process is calculated from the 
two teaperature points assuming equal doxorubicin concentration in 
the two preparations as seen in Table 1, thus using the rate directly 
in the Arrhenius equation. 

** Leakaoe rate represent X of total trapped doxorubicin times 
ninutes . 

*** energy of activation fs cxprtssid in ICcal.Mit*'. 



Ea 



•2.303 R (L09 rat«2 • leq rate,) 



l/T, 



TABLES 



li4Ly type 


OXFVPt 


% leakage at 






4oCin100hre 




moie/mde 




MLV 


0.26 s 0.07 


2U 


FTMLV 


0.42 t 0.06 


1S.6 


SPtV 


0.91 to.n 


la? 



TXBUE g 

BMkmr\LlpoflOM HaCI 
cont«nt\contttnt 

Kaci Hb signal 

(HH4}HC03 Ua signal 



MR^HCO^ 

Strong signal for 
Bora than 30 sinutas 
Ha signal 
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Ctabns 

1. A system for loading in amphiphatic molecule Into fiposomes comprising a formation of Hposome 
suspension in the presence of ammonium compound or ammonium salt wherein said suspension is diluted 

s with buffer or salt to provide an inside to outside ammonium gradient between Intemai aqueous and extemaJ 
aqueous phases and a pH gradient wherein the inside pH of the Uposomes is more acidic than the outside 
pH. 

2. The system of Claim 1 wherein the ammonium compound is ammonium sulfate, ammonium 
hydroxide, ammonium bicarbonate or ammonium carbonate. 

TO 3. The system of Claim 2 ^fitm9ir\ the amphiphatfc molecule ia doxooibicin. daunorubicin. 
chloroquinone. propranolol, pentamidine, epinjbicin, cardnomycin, N-acetyUdriamycin. rubldazole. 5-im- 
idodaunomyciJT. N-acetyldauno^ydne; all anthracytine *ugs, daunoryRne.: propranolol, pentamidine, 
. dibucaine, tetracaine, procaine, chkxpromazine. vinblastine, vincristine: mitomycin C, pilocarpine; physostig- 
mine, neostigmine, chloroquine. amodiaquine, chtoroguanide. primaquine, mefloquine, quinine, pridinol. 

18 prodipine. benztropine. mesylate, trihexyphenidyl hydrochloride, propranolol, timolol, pindolol, quinacrine, 
benadryl. promethazine, dopamine, serotonin, epinephrine, codeine, meperidine, methadone, morphine, 
atropine, decyclomine, methixene. propantheline, imipramine. amitriptyfine, doxepin. desipramine. quinidine, 
propranolol, Bdocaine. chlorpromazine, promethazine, perphenazine, acridlne orange, prostaglandin. 
fhx)rescetn and cartoxyfluorescetn. 

20 4. The system of Oaim 3 wherein the amphiphatic molecule is loaded into the liposomes in exchange 
for the ammonium efftuxing the Rposomes due to its concentration and the extent of the drug loading is 
dependent on the ratio of outside to inside ammonium sulfate and on pH in the intemai aqueous phase. 

5. A method for effictent loading of amphiphatic molecules into Bposomes comprising: 
(a) formation of liposomal suspension in the presence of ammoniurn sulfate; 

35 (b) creating inside to outside ammonium gradient and outside to 'inside pH gradient by diluting the 

external aqueous phase of suspension of step (a) with a sUtabie salt or buff^ or by removing ammonia; 
and 

c) loading the deprotonated amphiphatic drug from the outside to the inside of the liposomes. 

6. The method of Ctaim 5 wherein the amphiphatic dnjg ia loaded mto Bposomes by influx in exchange 
30 for the ammonium efflux aceortfng to ammonium gradient 

7. A suspension of Bposomes and ammonium salt suitable for loaiSng al wnphiphattc drug into 
Bposomes by providing, an ammonium gradient from an intemai aqueous phase to external aqueous phase 
of the Bposomes by dluting or removing ammonium from the extemai aqueous phase, wherein said inside 
to outside ammonium gradient creates an outside to inside pH gradient allowing an amphiphatic drug to be 

3S l o a d ed irvto Bposomes. 

a A mmonium Bposomes tor loading of amphiphatic drug having an inside to outside ammonium 
gracSent created by dUution or removal of ammonium in the B po so me s suspension by salt or buffer. 

9^ suspension o« Bposomes and ammonium salt suitable tor release of an amphiphatic dnjg from 
Bpoaomee by creating a reverse pH from an ^rtemal aqueous phase to extemai aqueoua phase of the 
40 Bpoeomee. 

ia Ammonium Bpoeomee suitable for generating carbon dtoxide and reieaaing aaid carbon dioxide to 
the tissue to enhance hyperechogenlcity al ultrasound imaging. 
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FIG. I 
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FIG. 3 
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Fig. 5. 
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stable and safe. The procedure is equally applicable 
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imaging to release COt. 
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